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(g) Three dimensional baton and g«sture sensor* ' 

@ An electronic drum has two or mora tmtons (102.104). each bstan Imving a transmitter which 
transmHs a distinct radio frequency signal at a posltton in space. The eletitrotic dnjm detamnlnes tlie 
current X, Y, and Z coordinates of each t>aton transmitter (142,144). To determine the posflion of each 
baton transmlttBr (142,144), the drum Includes a \atM (124) which has a flat support memlwr at a 
predefined position, with at least two pairs of electrodes coupled to the flat support meml>er. A first pair 
of the electrodes is shaped so that the amount of capacitive coupling between each t>aton transmitter 
(142,144) and one of the first pair of electrodes corresponds to the position of the baton transmitter 
(142.144) with respect to the X axis. A second pair of electrodes is shaped so that the amount of 
capacitive coupling t>etween each baton tranmftter (142.144) and one of the second pair of electrodes 
corresponds to the position of the baton transmitter (142,144) with respect to the Y axis. The electrodes 
paira are shaped and positioned so that neither electrode pair shields the other, which allows for 
accurate X and Y position measurements. The drum also has a GPU which receives senate from the 
electrodes, and uses those signals to compute the X, Y and Z coordinates of each tsaton (102,104). The 
CPU also predicts when each baton transmitter (142.144) wai hft the dnim'e flat support ntember and 
generates a c^nai at the predicted time so that a music, synthesizer can generate a sound at the 
appropriate time. 
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EP0444919A1 
THREE DIMENSIONAL BATON AND GESTURE SENSOR 

The present Invention relates generally to man-machine Interfaces and partlcularfy to methods and systems 
for sensing the position and motion of a stylus, pointer, drum stick or t>aton over a surfece. 

Among known position sensing devices are ttiose which use a digitizer such as that described In U.S. Patent 
5 4,705,019, or capacitive two dimensional tablets such as those described in U.S. Patents 3,999,012 and 
4,087.625 to detect the X and Y coordinates of a baton or stylus over a surfece. 

In prior art motion and position sensors, there is a time lag bettveen the motion of the stylus or taton i»ed, 
and the generation of the corresponding signals. This Is acceptable fbrmany applicatkms, but Is not acoepteble 
when the tiaton Is being used with a musical synthesizer to control when certain musical sounds are generated* 
10 An object of the present invention Is to provide en improved position sensor. 

The present invention provides a radio signal actuated position sensor comprising: 

ntoveable positioning means for generating a radio firequency signal at a specified position in space, said 
position being specifiable with respect to X. Y and Z axes; antennae means comprising a flat support member 
with at least two paire of electrodes coupled to saM flat support member, a firet pair of sakJ eiecbodes being 
16 shaped so that capacitive coupling b^ween saki moveable positioning means and said first electrode pair cor- 
responds to the position of saM moveatrfe positioning means with respect to saM X axis, and a second pair of 
said electrodes being shaped so that capacttive coupling between saM moveable positioning means and said 
second electrode pair conresponds lb the position of saM moveable positioning means with respect to saM Y 
axis; and 

20 computation means for receiving signals from said eiecbiodes, computing X and Y position values of saU 

nrK)fveal>le positioning means, and for computing a Z position value which Is inversely proportional to the sum 
of saM received signals. 

Particular emt>odlments of the invention can be used as an electronic drum, much like an electron^ 
keyt>oard is used with a musical synthesizer. Otiier embodiments of the present invention can bo used, for 
25 example, fbr inputting one-dimenstonal, two-dimensMnai or thrae-dimenalonai data pointe into a computer of 
any other system. 

The present Invention is an Improvement on the above rsferenced prior art devices, in ttiat It detects the 
Z coordinate of, for example, a baton or stylus, conrespondlng to the height of the baton or stylus over a surface, 
as well as the X and Y coordinates of the baton or stylus. An additional improvement over the prior art Is that 
30 the signals used in tiie present Invention to determine the X coordindate are completely separate from the s^ 
nals used to determine the Y coordinate, which simplified the calculatbns and improves the accuracy of the X 
and Y coordinates. 

Preferably, the electrodes pairs are shaped and positioned so neittier electrode palrshisids the other, which 
further enhances the accuracy of X and Y position measursments. 
35 In a preferred embodiment, the computation means includes means for computing a sequence of Z position 
values at regularly spaced time intervals, for calculating the rate of change of said Z position values, and for 
using said rate of change to predict a point in time when said Z positton value wili reach a predefined value 
corresponding to the location of said flat support memt^er, and may further include means for generating an 
output signal which coincides in time with said predicted point in time. 
40 Advantageously, the computatbn means can further include software debouncing means for preventing 

. the generation of a second output signal after generating a firet output signal. untS such time that said computed 
Z value first increases to a value larger than a predefined threshold value and then decreases to a value smaller 
then said predefined threshoM value; 

wtierelyy small movements of saM moveable positioning means near said flat support member do not 
46 cause the generation of mtdtiple output signals. 

The present InventMn has advanteges in tenns of the accuracy of the X and Y coordinate date that It geri- 
erates, and also In that a preferred embodiment uses a predicOve method of determining when e turton wBi hit 
e aurface. This Is partlcuiariy useful In rmisical appllcatMns, where it is Importent thatthe generatton of a drum 
beat or other musica] event be accurately synchronized with a drum player's hend mottons. 
50 Advantageously, another embodiment of the present invention provides a motton or position sensor that 
can simulteneousiy detect the posltiorts to two or nrtore batons. Once again, this is particulerly useful In rraisical 
applications, where a drum player wQI typically use two drum sticks, and n^y use nKire ttian two sticks. 

in a preferred embodiment, a radio signal actuated electronic drum has two or more batons, each baton 
having a transmitter which transmite a distinct radio frequency signal at a posftion In space. The electronic drum 
55 determlms the current positton of each baton transmitter In terms of X. Y, and Z ooordlnatee. 

To detenmine the position of each baton transmitter, the drum Includes a tebiet which has a flat support 



^ 



EP 0444 919 A1 

member at e predefined position, with at least two pairs of electrodes coupled to the flat support memt»r. A 
first pair of the electrodes is shaped so that the amount of capacitive coupling between each baton transmitter 
and one of the first pair of electrodes corresponds to the position of the baton transmitter with respect to the X 
axis. A second pair of the electrodes is shaped so that the amount of capacitiva coupling between each baton 
5 transmitter and one of the second pair of electrodes corresponds to the position of the tmton transmitter with 
respect to the Y axis. Preferably the electrode pairs are shaped and positioned so that neither electrode pafr 
shields the ottier. 

The dnim also has a CPU which receives signals firom the eledrodes, and uses those signals to compute 
the X. Y and Z coordinates of each baton. The Z position of the tmton transmitter is Inversely proportional t6 
fo the total capacitative coupling between the baton and either pair of electrodes. The CPU also predicts when 
each baton transmitter wiQ hit the drum's flat support member and generates a corresponding Ir^ger signal so 
that a music synthesizer can generate a sound at the appropriate dme. 

Examples of embodiments of the present Invention wfll now be deacrf t>ed with reference to the drawings, 
fai which:- 

19 Figure 1 b a conceptual diagram of an embodiment of the present invention; 
Figure 1 A depicts a cross-sectlonal view of a capacitive tablet; 

Figures 2 and 3 depict the capacitive electrodes used in a preferred embodiment of the present invention; 
Figure 4 Is a block diagram of a system incorporating an emtwdbnent of the present invention; 
Figure 5 depicts a radio frequency amplifier; 

20 Figure 6 depicts an oscBlator and radio firequency signal detector; 
Figure 7 schematically depicts a baton and a drum surface; 

Figure 6 graphically depicts the motion of a baton for the purpose of predicting when the baton wiH hit a 
surface; 

Figure 9 is a flow chart of the software used in a preferred emt)odinftent of the present invention, including 

25 amethodofpredictivelydetermii^gwhenabatonwillhitasurfece. 

Referring to Figure 1, there is shown a motion and position sensing system 100, which includes batons 
102 and 104 and a position sensor 110. The sensor 110 detads the (X,Y,Z) position of each of the batons rela- 
tive to its top surface 112, and generates corresponding position signals on line 114. In addition, if the batons 
are used as drum stidw. the sensor generates and transmits timing signals on line 1 14 which are synchronized 

so with the movement of the tmtons so that these timing signals are generated at ttmes which closely correspond 
to the time that the batons impact on the sensor's surface. 

in the preferred embodiment, the position sensing system 100 is used in conjunction with a music synth- 
esizer 120, and the position and timing signals transmitted over line 111 to the synthesizer are used to control 
various aspects of the synthesizer's operation, in a simple application, where the sensing system Is used as 

38 a variable pftch drum, the X position of the Imton 102 can be used to control the pitch of the drum beats gen- 
erated by the synthesizer, ttte Y position of the l»ton 102 can be used to control the tlnritMe of the drum, the 
velocity of the baton when it hits the surface 112 can be used to control ttie volume (also known as velocity) 
of the drum beats, and the timing signals are used to determine wtien the drum beats are to be generated, 
in other applications of the present invention, the apparatus 120 which receives the signals output by the 

40 sensing system 100 may t>e a computer. 

The position sensor 110 has a housing 1 22. which holds a sensing tablet 124 near Its upper surfiaoe 112, 
and a signal processing circuit 130. Referring to Figure 1 A, the sensing tatslet 124 has four separata antennae 
formed on two conductive layere 132 and 134 which are separated by an thin insulator layer 136 (e.g., an invar 
layer that is 0.2 cm thidc). in a preferred emt>odiment, the antennae (shown in Rgures 2 and 3) are thin copper 

45 patterns which are formed on a printed circuit board base usfaig standard etching techniques, sim9ar to those 
used to form the conductive patterns on printed circuit boards. 

At the ends of the batons are small, radio frequency transmittere 142 and 144. The amount of capacitive 
coupling between a tmton transmitter 142 and each of the four antennae in the sensor 110 is measured by 
measuring the strength of the RF signal received by each of the fbur antennae at the finequency whteh correa- 

50 ponds to that baton. Mora speciflcally, each baton transmitter 142 and 144 transndts a radio firequency signal 
with a distinct frequency, and the sensor 110 determines the strength of the s^nais at each frequency which 
is receh^ed t»y each of the fbur antennae. 

Referring to Figures 2 and 3, there are stiown two paire of antennae 1 50-1 52 and 1 54-1 66. Antennae 1 50 
and 152 are formed on layer 132 (see Rgure 1A) and antennae 154 and 156 are formed on layer 134. Each 

55 antenna, such as antenna 150, is fomned fIrom a plurality of tapered or wedge ^ped regions 150A - 150E. 
Since antennae 150 and 152 are to t>e used to measure theX coordinate of a tmton, the wedge shaped regions 
are tapered so that the size of each region In the antenna Is lineaily proportional to its position along the X axis 
(shown with a dashed X-axis line in Figure 2). Similarly, antennae 154 and 156 have wedge shaped r^flons 
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that are tapered so that the size of each region in the antenna is linearly proportlonai to its position along the 
Y axis (shown with a dashed X-axIa lino In Figure 3). . 

The radio frequency signals receh/ed by each of these four antennae 150 • 156, vie capadtive coupling 
t>etween the l)atons and the antennae, are carried on lines 160, 162. 164 and 166 to a set of four RF ampliflere 
6 (see Figure 4). 

As shown, the wedge shaped regions In each antennae are interconnected tiy thin oonnectbn lines 158. 
An advantage of this antennae pattern is that the two antennae 150 and 152 on layer 132 do not overiap the 
antennae 154 and 156 on layer 1 34 (exoeptfor the connection lines 158). and therefore the conductive materials 
in antennae 150 end 152 do not shield antennae 154 and 156 from the batons. 
10 Given a set of four voltages, VX1 , VX2, VY1 and VY2, which correspond to the signal strengths of the sig- 

nals received from a baton 102 by the four antennae 150, 152, 154 and 156 respectively, the position of the 
first baton 102. denoted here as (XI. Yl, Zl). can be calculated as follows: 

^5 VT « VXl + VX2 + Wl + VY2 

XI = Kl X VX1/(VX1 + VX2) 
Yl - K2 X VY1/(VY1 + VY2) 

Zl « K3/VT (Bq.i) 

20 

where Kl. K2 and K3 are scaling or calibrating factore so that the position of the baton can be expressed in a 
convenient set of units, such as millimeters. The same calculation is used to detemiine the (X2, Y2. Z2) position 
of the second baton 104, except that the voltages used In this second calculation oorrespond to the strength 
25 of the signals received at the frequency transmitted by the second baton 104. 

Note that the Z coordinate can also be calculated as being Inversely proportional to the sum of the signals 
from Just one pair of antennae, such aa antennae 150 and 152 ( Le., Zl - K3/ (VX1 -i- VX2). 

Referring now to Figure 4, and as described above, the sensor 110 contains four antennae 150, 152, 154 
arul 156. The radio frequent aignala received by each of these four antennae, via capacitWe coupling t>etween 
30 the batons and the antennae, are carried on lines 160. 162. 164 and 166 to a set of four RF ampiifiere 168. 
which generate four amplified antennae signals on lines 170. 172. 174 and 176. 

For each baton 102. 104 there is an oscillator and detector circuit 1 82. 184 which generates an RF sfgnfil 
at a distinct RF frequency, and which also detects the strength of the four antennae signals on lines 170-176 
at that RF frequency. The detector 1 82 generates four dc voltage signals on lines 1 92 wtilch conespond to the 
36 strengths of the four antennae signals at the RF frequency transmitted by baton 102. Simllaify, detector 184 
generates four dc voltage signaia on lines 1 94 which conespond to the a ben g t hs of the four antennae signals 
at the RF frequency transmitted by baton 104. 

The dc voltage signals which represent the strengths of the antennae signals from each of the tmton are 
then read into a smalt digital computer or CPU 200 via an analog to digital converter (ADC) 202, which sequen- 
40 tially converts each of the voltage signals into a ten or twelve trit binary value, depending on the particular ADC 
202 used. All eight voltage signals are read by the CPU 200 on a periodic basis (e.g.. one thousand times per 
second) and then the CPU. under the control of software 204. uses these received values to compute the X; 
Y. and Z coordinates of each of the batons 102 and 104. These values are then converted Into MIDI oonfaol 
parametere which are transmitted to a standard music synthesizer, such as the Yamaha DX7, which then res- 
45 ponds to those MIDI control parametere by generating oonesponding musical sounds. 

In the preferred embodiment we use parametere XI . Yl and Zl to denote the QCyjZ) position of the trans- 
mitter at the end of the first baton 102, and we use X2, Y2 and Z2 to denote the position of the transmitter at 
the end of the second traton 104. Given these six parameters, the XI and Yl parametere may t>e used to control 
the frequency and volume of e firet MIDI channel, and X2 and Y2 may be used to control the frequency and 
so volume of a second MIDI channel. A MIDI event comprising a note or drumbeat, is then played on each MIDI 
channel whenever the coirespcmding Z value reaches a predefined thre^old value (e.g.. Z-0), which oonres- 
ponds to tfie baton hitting the surtlace 1 12 of the sensor 110. 

Figure 5 shows one of the four radio frequency ampimere used In the quad RF amplifier 168. The Input 
signal on Une 210 of this RF amplifier 212 Is coupled to one of the four antenna lines 160 • 166. The output 
55 signal on line 214 of this RF amplifier Is coupled to one of the four lines 170-176 going to the detector circuits 
(see Figure 4). This three stage preamplifier droult 212 is suitable for amplifying the range of RF signals used 
in the preferred embodiment 

Figure 6 shows an osdHator and signal detector 1 82, including an oscaiator 220 which generetas a periodic 
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signal having a period of 13^ microseoonds. which corresponds to a frequency of 75.76 Khz. The oscBlator 
220 Is coupled to four RF signal detectors 222A - 222D as wall as one of the batons 10Z Thus, the sanie RF 
signal from the oscillator 220 te used to generate the RF signal transmitted by one of the batons 102 and to 
drive a set of four RF signal detectors 222A - 222D. 
5 For each distinct baton 1 02 or 1 04, there Is a corresponding oscQlator 220 and set of four RF signal deteo- 

tore 222A - 2220. Each baton uses a distinct RF frequency so that the signab ftom each t>aton can t>e sepa- 
rately detected. While the preferred embodiment has Just two batons, other embodiments could use three, four 
or more batons, each with its own oscBlator having a distinct RF frequency and a corresponding set of RF signal 
detectore. 

10 Each radio frequency signal detector circuit 222 includes an input voltage divider 224, followed by an oper- 

ational amplifier 226 (e.g., an LF347). followed by a sampling drcuit 228 (e.g., an lF^ 3202) which samples an 
amplified input signal on line 230 at the running frequency of the oscillator circuit 220. input line 230 is coupled 
to output line 170 of one of the RF amplifiere, such as the one shown in Figure 5. The input lines of the other 
three RF signal detector clrcuRs 222B, 222C and 222D are coupled to the output signal lines 172. 174 and 176 

19 of the other RF amplifiere (see Rgure 4). 

The output of the sampling circuit 228 Is fBtered by an RC low pass filter 232 so as to produce a stable dc 
output signal on line 192, which is proportional to the strength of the RF signal recehred by one of the antennae. 

Figure 7 schematically depicts a baton 102 and a drum surfece 1 12 of the position sensor 110. This emt>o- 
diment of the present invention Is designed to (1) generate a timing signal which closely oorresponds to the 

20 exact time that the t>aton hits the surface 112, and (2) prevents the generation of multiple timbig signal If the 
baton 1 02 bounces up and down very dose to the surfeoe 1 12 without first rising up sufficiently high to Indlcato 
that a new drum beat Is being performed. Figure 7 shows two planes positioned at)ove the drum surface: a firet 
plane 250 which Is Immediately above the drum surface, and is assigned a position of Z=HiT, and a second 
plane 252 which is sufficiently high above the drum surface that when the baton rises from the drum surface 

25 112 to this place 252 It can be safely assumsd that the baton has been deliberately raised In preparation for 
performing the next drum beat The Z position of this second plane Is Z»SET, where SET is the height of the 
second plane alxsve the drum surface 1 12. 

Referring to Rgure 8, there Is shown a graphical representatton of the movement dl a baton In the Z direc- 
tion. In musical applications it is important that the generation of a drum beat or other musical event be aocu- 

50 rately synchronized with a drum player's hand motions. However, there Is an Inherent delay Tm^ between the 
time that the sensor 110 detects the position of a l>aton and the time that the sensor 110 can generate corre- 
sponding signals, such as the signals denoting a MIDI event To overcome this problem, a preferred embodi- 
ment of the present invention uses a predictive method of detomfilning when a baton wilt hit a surface. 

As 6ho¥vn to Rgure 8. the sensor's CPU tracks the Z position at regulariy spaced tbne faitervais AT. 

55 Whenever the baton 1 02 or 104 is raised above the set level (l-d^ Z > SET), then a "baton debouncing register" 
is assigned a value of 1. When the t>aton Is moved toward the sensor surface (ZsO) and goes below the hit 
level (i.e., Z < HPT) the baton deboundng register is assigned a value of 0 to prevent double triggering, and 
the sensor's CPU 200 calculates the velocity at which Che t»ton Is approaching the sensor surface: 



- ^last " 2 current 
velocity • 

(Bq.2) 

45 where Znmnt the current Z position of the sensor, ^ is next most recently measured position of the sensor 
and AT is the amount of time between the current and previous measuremente of the baton's posBion. 

The sensor's CPU then calculates a predicted impact time TC (i.e., a predicted time at which ttie baton will 
Mt the surfiace of the sensor): 

* » ^current 

« Tcurrent + 

velocity (Bq.3) 

55 where TC Is the predicted time of Impact and Tcmm is the current time. The sensor's CPU then sends a trigg^* 
signal, including the predicted impact time TC and the baton's X, Y and Z coordinate values, to a computer or 
music synthesizer 120. 

Note that only one trigger signal wOl be sent to the computer or music synthesizer until the baton is raised 
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above the set level Z > SET. Furthermore, the hit plane 250 is placed suffidentiy high al>ove the sensor surface 
1 12 so that the trevel tima of the baton from the hit plane 250 to ttie sensor eurfaoe 1 12 is longer than the 8en> 
sor'e calculation delay 

Figure 9 Is a flow chart of the software 204 used by the CPU 200 in a prefenred embodiment of the present 

5 invention, including a method of pradlctively determining when a baton wOl hit a aurfiace. The program diag- 
rammed bi Figure 9 will send reliable trigger signals to a computer along with the X and Y positions of the baton 
at the trigger time. This information can be used in many ways, if it is desired to control a precusslve synthesizer 
such as a drum or piano synthesizer, a note can be played at each trigger, with the pitch of the note detenmined 
by the value of X arKi the timbre detemnlned by Y. 

10 it should be noted the sensor system simultaneously runs a separate copy of the program diagronvned In 
Rgure 9 for each baton used, and that these programs are run in parallel by a multitasking CPU 200. Thus, 
whDe one baton program is waiting for the next time Interval, the other baton programs are run by the CPU. 

The program (for a single baton) t>egins by waiting one time Inten/al (Le., AT), then reading In the antennae 
signals for the baton (l>ox 302) and computing the Z position of the baton. If the baton is above the set piarte 

15 (box 306). the software malces sure that the flag for the baton is set (box 308), and then walls for the next time 
interval (box 302). If the baton is below the set plane, the software checks to see if the baton is below the hit plane 
and also checks the baton's flag (box 312), which Indicates whether a trigger signal denoting the Impact time TC of 
the baton on the sensor's surface has already been trensmitted. If a trigger signal has dready been transmittad, or 
the t>aton Is not below the hit plane, the software retuma to the beginning of the program (box 302). 

20 If the baton has not already hit the sensor's surface (box 312) and is below the hit plane, the sensor software 

waits for one time interval (tx>x 314). Then It reads In the antennae signals for the baton, computes current Z 
positkwi of the baton (ZT), the veiod ^ of the baton p.e.. the rete at which the baton is nwving toward the sensor's 
surface) and the expected time of Impact TC (t90x 316). The X and Y positions of the baton are also computed. 
Then a trigger signal Is transmittad (e.g., to a syntheaizer), including the predicted impact time TC. and the our- 

25 rent X, Y and Z positton of the baton. Finally, the baton's flag is cleared lo prevent double triggeifng. 

If it is desired to control a more complex music synthesizer which contains a sequencer, the time l>etween 
the most recent two triggers can be used to set the tempo at which a sequence of notes are played. In such a 
system the X and Y variables can control global factore such as the loudness and timbre of the entire sequence 
of notes. 

30 With a slight variatfon of the program In Rgure 9. the radio drum apparatus can send a continuous stream 

of infonmatton to the computer. In this case, the program will compute X Y and Z (for each baton) and wHI send 
these data to the computer at each sampling lime. The continuous stream of Informatton can be used to control 
nonpercusslve timbres such as violin timbres. For example, X might control loudness of the sound and Y the 
strength of the vibrato. 

3S In many applications, the values of X and Y are meaningful only if the baton is dose to the drum surface. 

The program can be made to send X and Y infonmation (i.e., values) to tiie contputer only when Z Is less than 

a speclTied threshold. In this way, the computer will not be overloaded with meaningless Information. 

In yet other variatkms of the program In Rgure 9, the program can l>e arranged so that one baton sends 

trigger signals to the computer and another baton sends a continuous stream of X, Y and 2 values. Altematlveiy. 
40 the same baton can send both triggere and a continuous stream of X. Y and Z values to a computer. If desired, 

X and Y values can be sent only while the tiaton close to the surface of the drum immediately sut»equent 

to generating a trigger signal. Thus the trigger can be used to initiate a note and the subsequent X and Y data 

can t>e used to shape the sound of the note. 

White the present invention has been described wtth reference to a few specific embodiments, the des- 
45 cription is yiustrathre of the invention and Is not to be construed as limiting tiie invention. Various modifications 

may occur to those skDled in the art without departing from the true spirit and scope of the inventkm as d^ed 

by the appended dalrin. 



so Claims 

1. A redto signal actuated position sensor, comprising: 

moveable positioning means fbr generating a radio finequency signal at a specified position in space, 
said position being 6pecifiat>le with respect to X, Y and Z axes; 
55 antennae means comprising a flat support member with at least two paire of electrodes coupled to 

said fiat support member, a firet pair of said electrodes being shaped so ttiat capadtive coupling between 
said moveable positioning means end said first electrode pair ooiresponds to the position of said moveatde 
positioning means witii respect to said X axis, and a second pair of said electrodes being shaped so that 
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capacltive coupling between eaid nraveable positioning means and said second electrode pair corresponds 
to the position of said moveat)le positioning meana with respect to said Y axis; and 

computation means for receiving signals firom said electrodes, for computing X and Y position values 
of said moveable positioning means, and for computing a Z posltton value which Is Inversely proportional 
5 to the sum of said received signals. 

Z A radio s^nai actuated position sensor as set forth in Claim 1 , wherein said flat support member has upper 
and lower suifeces separated by an insulating layer, said first electrode pair being coupled to one of said 
flat support member's surfaces and said second electrode pair being coupled to the other one of said flat 
fo support member's surfaces, said first and second electrode pairs t>eing shaped and positioned on said flat 
support member so that the electrode pair coupled to said upper suifece of said flat support member does 
not shield the electrode pair coupled to said lower surface of said flat support member from radio frequency 
signals generated tiy said moveable posUoning means. 

ia 3. A radio signal actuated position sensor as setforth In aatms 1 or 2, wheroln said ccmiputation means further 
includes means for computing a sequence of Z position values at regularly spaced time intervals, for cal- 
culating the rate of change of said Z position values, and for using said rate of change to predict a point In 
time when said Z position value win reach a predefined value corresponding to the location of said flat sup- 
port member. 

20 

4k A radio signal actuated position sensor as setforth in Claim 3, wherein said computation means further 
includes meana for generating an output signal which coincides In time with said predicted point in time. 

& A radio signal actuated position sensor as set forth in Claim 4, said computation means further Including 
25 software debouncing means for preventing the generation of a second output signal after generating a firet 
output signal, untfl such time that said computed Z value first increases to a value larger than a predefined 
threshold value and then decreases to a value smaller than said predefined threshold value; 

whereby small movements of said moveable positioning means near said flat support member do 
not cause the generation of multiple output algnala. 

50 

6. A radio signal actuated electronic drum, comprising: 

a baton with a transmitter which transmits a radio frequency signal at a posftion in space, the position 
of said baton transmitter being spedflable with respect to X, Y and Z axes; 

a drum tablet having a flat support memt>er at a predefined position with respect to said Z axis, said 

S5 drum tablet having at least two paire of electrodes coupled to said flat .support member, a firet pair of said 
eleobodes being shaped ao that capadtlve coupling between said l>aton transmitter and said first electrode 
pair corresponds to the position of said t>aton transmitter with respect to said X axis, and a second pair of 
said electrodes being shaped so that capadtlve coupling between said t>aton transmitter and said second 
electrode pair corresponds to the posftion of said baton transmitter with respect to said Y axis; and 

40 computation means for receiving signals from said electrodes, for computing X and Y position values 

of said baton transmitter, and for computing a Z position value which is inveraely proportional to the sum 
of said received signala; said computation means further Induding means for predicting the time when said 
baton transmitter win reach the position of sold flet support member and for generating a signal at said pre- 
dicted time. 

45 

7. A radio signal actuated position sensor as set forth in Claim 6, wherein said flat support member has upper 
and lower surfaces separated by an insulating layer, said firet electrode pair being coupled to one of said 
flat support member's surfaces and said second electrode pair being coupled to the other one of said flat 
support memlwr's surfaces, said firet and second eiediode paire being shaped and positioned on said fiat 

§0 support member so that the electrode pair ooupled to said upper surface of said flat support member does 
not shield the electrode pair coupled to said lower surface of said flat support member from radio frequency 
signals generated by said baton transmitter. 

8. A radio signal actuated position sensor as setforth In Oalms 6 or 7, wherein said computation means fiirttier 
65 Indudes means for computing a sequence of Z position values at regularty spaced time intervals, for cal- 
culating the rate of change of said Z position values, and for using said rate of change to predict a point in 
tbne when said Z position value wei reach a predefined value corresponding to the location of said flat sup- 
port member. 
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